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NATTONAT. ADVISCRY COMMITTEE FOR AERONAUTICS

RESEARCH MEMORANDUM

INVESTIGATION OF TRANSLATING-DOUBLE-CONE AXISYMMETRIC INLETS
WITH COWL PROJECTED AREAS 40 AND .20 "PERCENT OF MAXTMUM
AT MACH NUMBERS FROM 3.0 TO 2.0

By James F. Connors, George A. Wise, and . Calvin Lovell

SUMMARY.

The performance of two translating-double-cone inlets with contrast-
ing rates of turning on the spike shoulder and correspoading cowl pro-
Jected frontal areas of 40 and 20 percent of maximum was compared over
the Mach number range from 3.0 to 2.0. Pressure recoveries were sbout
the same for both configurations, the 20-percent-cowl inlet falling 0.01
to 0.03 lower than the 40-percent-cowl inlet over the entire range of
Mach number end angle of attack up to 15°. At Mach 3.01, the 20-percent-
cowl inlet had s recovery of 0.625 ecompared with 0.635 for the 40-
percent-cowl inlet. At this same Mach number, the cowl pressure-dreg
coefficient for the 20-percent cowl (0.103 based on max. projected model
frontal area) was 45 percent less than that for the 40-percent cowl
(0.187). On a propulsive-thrust basis, the 20-percent-cowl inlet was
superior over the entire range of Mach number.

Totel and component drags were obtasined at Mach numbers 3.01, 2.73,
2.44, and 1.97. In order to match the alrflow requirements of a hypo-
thetical turbojet engine, the second oblique shock was located at the
cowl lip at each Mach number. Total drag coefficients during supercrit-
ical inlet operation increased with decreassing Mach number, primerily
because of the increasing additive drags. Distortions at zero angle of
attack were low, about 0.02 st Mach 3.0l and gbout 0.12 at Mach 1.97.

With the 40-percent-cowl inlet, retracting the spike slightly from
its design position at Mach 3.01 resulted in s stable subcriticel range
of mass-flow ratio from 1.0 to 0.6, This result did not occur with the
20-percent-cowl inlet.

INTRODUCTION

Currently, there is & scarcity of detailed performance date on in-
lets suitable for application to turbojet engines operating to Mach
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numbers of spproximastely 3.0. For wlde-range varilable Mach number oper-
ation, varieble-geonetry features appear necessary to maintain high per-
formence levels. For such inlets, information 18 needed to ascertain
the "on- and off-design" pressure-recovery and drag characteristics and
their interrelation on a propulsive-thrust basis.

The objective of the present study was to evaluate.the performance
of translating-double-cone axisymmetric nose inlets designed to match
the alrflow requirements of a hypothetical turbojet engine up to a Mach
number of 3.0. Two versions, both utilizing 20°-35° double-cone spikes,
were designed with two different. objectives in mind: (1) good intermal
performence and (2) good externsl performance or low drag. The purpose
was to determine partially the balance between drag and pressure recovery.
The first version had a gradusl turn at the shoulder of the spike which
necegsitated a co¥wl with a projected frontal area equal ta 40 percent of
meaximum. The other version, with a more rapid turn at the spike shoulder,
had a cowl with a projected area 20 percent of mexImum. ~

The geometry of these inlets was such that both dblique shocks co-
alesced at the cowl lip at a Mach number of 3.0. ALt the lower Mach num-~
bers the ailrflow requirénierits of the engine could be satilsfied by mein-
taining the second ohlique shock at the cowl lip. Data were alsc ob-
tained for off-design spike positions at a Mach number of 3.0.

These data should indicate the performance levels attainable with. .
inlets of rather basic and conventional design. As such, they should
serve as & base of refererice with which to compare the performence of .
other configuratlions employing additional refinements such as boundary-
layer control or geocmetry varlietlions.

The present investigetion was performed in the NACA Lewis 10- by
10-foot supersonic wind tunnel at Mach numbers of 3.0l, 2.73, 2.44, and
1.97 and at angles of attack to 15°. Reynolds mumber of the test was

constant st 2.5x106 per foot.

SYMBOLS. . . _. S S
A : area, sq ft
A inlet capture area, 1.182 sg £t
A meximum projected frontal area of model, 1.973 sq ft .
for 40-percent cowl and 1.483 sq £t for 20-percent
cowl . .
Ay area normal to flow direction in duet, sq in.
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Az diffuser-exit flow area, 0.961 sq ft
Cp drag coefficient, D/qoAmayx
Ymax
CD, c cowl pressure-drag coefficient, —21 f CP dyz
Ymax
1
Cy static-pressure coefficient, (p - pg)/ag
D drag, 1b
Dc +8 cowl pressure drag plus additive drag
F thrust, 1b
Fig ideal thrust; i.e., F at Pz/Py = 1.0
F -D
cte thrust paremeter
F.q
id

M Mach number
1n3/m0 inlet mass-flow ratio, pzVzAz/poVohin
Am5/m0 stable subcriticel operating range
P total pressure, lb/sq_ ft
P=/Fq total-pressure recovery

P - P
S,mex ~ "3,Min 1 ow-distortion parameter

P3
P static pressure, l'b/ sq Tt
q dynamic pressure, l'b/sq £t
v air velocity, ft/sec
w welght flow, 1'b/sec
W, -\/e
—gs—x-é corrected weight flow at station 3, (lb/sec)/sq £t
3
b 4 distance along axis of symmetry
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y distance from exis of symmetry

oA angle of attack, deg

8z ratio of total pressure st stetion 3 to NACA standard
sea-level pressure of 2116 1b/sq £t

0, cowl-positlion parsmeter, angle between axis of
symmetry and line from spike tip to cowl lip, deg

8z ratio of total temperature at station .3 to NACA stand-
ard sea-level tempersture of 518.7° R

o) density of air, lb/cu £t

Subscripts:

e external

4 lip

max max jmum

min minimum

0 conditions in free stream

3 conditions at diffuser exit

Superscript:

area~welghted value

APPARATUS AND PROCEDURE

Schematic drawings of the over-all model and the Inlets are pre-
sented in figures 1(a) and (b), respectively. A photograph of the model
in the tunnel is shown 1in figure l(c). The model was sting-mounted in
the tunnel through a three-component strain-gage balance, and a movable
exit plug was mounted on the sting independently of the model in order
to vary the inlet back pressure. Provisions were made for including
interchangeable liners at the duct exit (fig. 1(a)) in order to decrease
the net sxial forces gt the higher Mach numbers and remain within the
range of the balence. The model also Iincorporated provisions for chang-
ing spikes and cowls and for translating the spike by remote control.

SOv¥
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The inlet had a 20°-35° double-cone spike designed so that the two
oblique shocks would coalesce at the cowl lip at a2 Mach number of 3.0.
Two modifications of this spike, having different rstes of turning et
the shoulder, were tested {fig. 1(b)} and tables I and II). The sharper
of the two burning rates resulted in a cowl with a projected frontal
ares equal to 20 percent of maximum; the cowl for the more gradual turn
had a projected frontal area 40 percent of meximum. Turning of the flow
from the inlet back to the axial direction at Mach 3.0l was effected in
approximately 3 hydraulic diameters with the 40-percent cowl and in
sbout 1 hydraulic dlameter with the 20-percent cowl. The initial 1ip
angles, however, were the same for both cowls: external angle 32.6°
and internal angle 27.60, referenced to the axis of symmetry.

Internal area distributions are presented in figure 2. The form of
these distributions was influenced to a great extent by an attempt to
avoild internal contractlon as the spike was retracted. Generelly, the
more gradual the rate of intermal area expansion at the highexr Mach num-
ber, the more quickly intermal contraction wili be incurred at the lower
Mach numbers. At the design spike position for s Mach number of 3.01,
the initial equivalent conical area expension corresponded to a 15° in-
cluded angle for the 40-percent cowl and approximately 42° for the 20-
percent cowl. Both inlets had some internsl contraction when the spike
was retracted to the design position for a Mech number of 1.97.

Pressure recovery was determined from an area-weighted average of
48 total-pressure tubes st station 3 (fig. 1(a)). Mass-flow ratio
m3/1110 was based on the mass flow computed from six static pressures at

station 3 and the measured sonic discharge area, assuming one-dimensional
isentropic flow. This mass-flow measuring technique was calibrated by
means of an inlet cgpturing & known free-stream tube of alr.

Cowl pressure drag was determined from an integration of the exper-
imentel pressure distributions. External drag was defined as the dif-
ference between the axisel force given by the balance and the internal
thrust obtained from the total momentum change between the inlet end the
sonic exit station (including the model base forces end excluding the
forces on the moveble plug). Friction drag was obtained by subtracting
the cowl pressure drag from the totel external drag in the case of no
spiliage ?or additive) drag. The order of magnitude of this friction
drag was verified by a momentum integration of an experimental boundasry-
layer profile obtained with the 40-percent-cowl inlet. Another order-
of-magnitude check was obtalned with the von Kérmén skin-friction coef-
ficient (= 0.0015) for turbulent bolmdary layer on a flat plate at a
Mach number of 3.0. In cases of subcritical inlet operstion, additive
drag was approximated by assuming the friction drag to be the same as
for the no-spillage case and then subtracting the sum of the cowl pres-
sure and friction drags from the totel external drags.
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The investigation was conducted at Mach numbers of 3.01, 2.73, 2.44,
and 1.97 and through an angle-of-attack range of 0° to 15°. Reynolds

number of the test was held cafistant at 2.5x10° per foot.

RESULTS AND DISCUSSION

The two double~cone inlets with their contrasting rates of turning
had different design objectives: The 40-percent-cowl inlet was aimed at
high recovery; the 20-percent-cowl inlet, at low drag. For comparison
purposes, parallel presentations are msde of the performsnce of these
two inlets. Detalled results are subdivided into sections on internal-
flow performance (pressure-recovery and mass-flow cheracteristics),
external-flow performance (drags), inlet airflow patterns, snd finelly
a propulsive-thrust comparison.

Internal-Flow Performence

Diffuser charascteristics at design spike positions. - Total-pressure-
recovery and mass-flow characteristics for the two inlets at their design
values of cowl-position parameter ez are presented in figure 3. At
each Mach number, the spike position was determined for the zero-angle-
of-attack condition (second oblique shock on lip) and then held constant
for the range of angles (a) investigated. A cross plot (fig. 4) summa-
rizes the variation in critical inlet performence with free-stream Mach
number.

Both inlets achieved essentially the same level of internal per-
formence. The 20-percent-cowl inlet with the much sharper turning showed
only a slight decrease in pressure recovery, & decrement of approximstely -
0.0l to 0.03 below that for the 40-percent-cowl inlet over the entire
renge of Mach number. At Mb = 3.01 the 20-percent-cowl inlet attained

a pressure recovery of 0.625 compared with 0.635 for the 40-percent cowl.
Airfilow capacities, as reflected in mass-flow ratio and corrected airflow,
were about the same for both Inlets. At zero angle of attack, the 20-
percent-cowl inlet consistently had a larger stable suberitical range
than the 40-percent-cowl inlet. The rapid decrease in mass-flow ratio

at Mech numbers less than approximastely 2.2 was the result of detached-
shock operstion, caused by the lasrge cowl-lip angles or by internal
choking. Above this Mach number, supercritical spillage occurred only
behind the first conical shock, as dictated by the design requirement
that the second shock be located at the cowl lip.

Effect of angle of attack. - As shown in figure 5, both critical
pressure recovery and mass-flow ratio decreased with angle of attack.
The rate of decreasé was sbout the same for both inlets and for each

SOvY
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Mach number investigated. The pressure recovery of the 20-percent-cowl
inlet remained consistently lower by a small amount (0.0l to 0.03) than
that of the 40-percent-cowl inlet.

Effect of cowl-position parasmeter st Mach 3.0l and zerc angle of
attack. - Diffuser performance curves for both inlets at several 4dif-
ferent spike positions at My = 3.01 are shown in figure 6. These data
and the cross plots of figure 7 illustrate the effect of 63 on sub-
critical inlet stebllity. By retracting the spike to increase 2F)

about 0.6° above the design value, the 40-percent-cowl inlet achieved
guite a large stable range of mass-flow ratio, from 1.0 down Lo approx-
imstely 0.6. This, however, was at the expense of a decrease in crit-
ical pressure recovery from 0.635 to 0,585, This scheme, possibly,

could serve as a convenient method for reduced-mass-flow operation in &
turbojet epplicetion. Previously, similer results had been cbitained with
axisymmetric inlets at lower Mach numbers (e.g., at My = 2 in ref. 1).
By placing the oblique shocks Just inside the cowl, the slipline during
suberitical operation (ref. 2) does not intercept the cowl lip, and the
asgoclated buzz-triggering mechanism is avoided.

S8imilar results did not occur with the 20-percent-cowl configura-
tion. On the contrary, when 61 was increased gbove the design value,
the suberiticel stable range actuslly decreased from the 0.15 to 0.17
renge availsble with the oblique shocks on or slightly shead of the cowl
lip. These diverse results may be attributed to the difference between
the two inlets in internal area expansion at the centerbody shoulder.
Presumsbly, the ZO0-percent-cowl inlet had an intermal geometry more con-
ducive to flow separstiom and choking of the duct than the more grad-
ually divergent passage of the 40-percent-cowl configuration. Subsequent
tests (not yet reported) substantiste these observations.

Total-pressure verigtions at diffuser exit. - Total-pressure pro-
files at the diffuser exit for several angles of attack are presented
in figure 8 in the form of contour meps. The My = 3.01 condition shown
is typical for the entire Mach number range. Similar results were ob-
tained with both the 40~ and the 20-percent-cowl inlets. At zero angle
of attack, the flow was quite uniform. With increasing angle of attack,
the high-energy air shifted to the upper guadrant of the duct, while
separation occurred in the lower quadrant.

The usual distortion parameter (PS,max - P3,min)/§3 was employed

a8 g measure of nonuniformity of the flow at the diffuser exit. The
varistion in distortion level with angle of attack during criticel iniet
operstion is presemted in figure 9 for the four Mach numbers investigated.
At each Mach number the distortion was a minimum at zero and increased
rapidly with increasing angle of attack. At My = 1.97 with detached-

shock operstion, the rate of increase in distortion wes less than thatb
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at the three higher Mach numbers. Distortion at angle of attack was
genersally higher with the 20- than with the 40-percent-cowl inlet. At
Mg = 3.01, distortion ranged from 0.02 at o = 0° to 0.40 at o = 15°
for the 40-percent-cowl inlet.

The zero-angle-of-attack distortion during critical inlet operation
increased with decreasing free-stream Mach number and concomitantly with
increasing diffuser-exit Mach number. This observation is shown in
figure 10, along with & comparison of the experimental distortion levels
with theoretical values for 1/7-power fully developed pipe flow (ref. 3).
Both inlets had.slightly lower distortion at Mg = 3.01 and 2.73 than
the pipe-flow values and somewhat higher velues at the lower free-stream
Mach numbers. Zero-angle-of-attack distortions varied from 0.02 at Mach
3.01 to 0.125 at Mach 1.97.

External-~Flow Performance

Supercritical cowl pressure drags. - External stablc-pressure dis-
tribubtions along the cowl of each inlet during supercritical operstion
at Mach 3.01 and zero angle of attack are presented in figure 11. Dis-
tributions based on two-dimensicnal shock-expansion theory are also in-
cluded for comparison purposes. With the 20-percent cowl, there was
good agreement between experiment and theory; with the 40-percent cowl,
the agreement was not so0 good, with shock-expansion theory generally
overegtimating the pressures. The grester discrepancy between experi-
ment and theory encountered with the 40-percent cowl can be attributed
to the greater variation in radius (a larger three-dimensionsl effect)
then with the 20-percent cowl. At below design Mach number (3.0), an
approximation of the initial conical flow field was made to obtain the
local flow condition at the cowl lip with the first oblique shock out
in front. This gpproximetion was the assumption of a linear variation
of Msch number and flow angle between the shock and the cone surface.

Based on sarea integrations of the static-pressure distribubtions,
cowl pressure-drag coefficients are shown in figure 12 for the entire
Mach number range. The cowl pressure drags for the two inlets were
significently different. At Mgy = 3.01, the cowl drag coefficient for
the 20-percent cowl was 45 percent less than that for the 40-percent
cowl. At My = 3.01, the drag coefficient (based on max. frontal area)
for the 40-percent cowl was 0.187, compared with & drag coefficient of
0.103 for the 20-percent-cowl inlet. The cowl pressure-drag coeffi-
cients increased slightly with decreasing Mach number until shock de-
tachment occurred, after which there was a slight decresse.

Drags obtained from integration of pressure distributions based on
shock-expansion theory are alsc included in figure 12. Agreement between

e
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experiment and theory was generslly good cover the range of Mach number
investigated. The greatest discrepancy occurred at Mgy = 3.0l with the
40-percent cowl, where the difference amounted to 10 percent of the ex-
perimental value.

External-drag components. - For supercritical inlet operation, the
variation In total external drag and its components with free-stream
Mach number is shown in figure 13. Total external drags derived from
actual force measurements agreed ressonably well with those given by
summation of the component drags (cowl pressure, additive, and friction).
In this case a computed additive drag was used in the summation. The
total external-drag coefficients for meximum mass flow and design 65
increased with decreasing free-streem Mach number, primerily ess a con-
sequence of increasing supercritical additive drags. The difference in
total drags between the 40- and 20-percent-cowl inlets is essentially
the difference in thelr respective cowl pressure drags.

During subcritical inlet operation (such as that illustrated in
fig. 14), there is a large linear increase in external drag with de-
creasging mess-flow ratio as e result of the high additive drags asso-
ciated with bow-shock spillage. Also with reduced mass flows, there is
a reduction in cowl pressure drag. Assuming friction constant with mass-
flow ratio, rough momentum calculetions verified the order of magnitude
of the additive drag at the minimum stsble condition.

The suberitical total-drag rise ACp e/ (tmz/m;) is given in figure
2

15 for the range of test conditions under which stgbility was achieved.
The rate of subcritical drag rise, particularly for the 40-percent-cowl
inlet, did not vary significantly with Mach number. The pronounced dif-
ference between the two inlets is attributed to a difference in the rate
of decresse in cowl pressure drag with mass flow. Presumably, the 40-
percent cowl with its larger projected ares was more favorsbly affected
in the direction of leading-edge suction, as the normal shock moved
ahead of the lip. Imnstrumentation in this study was Iinadequate near the
cowl 1ip to define this effect fully.

Inlet Alrflow Patterns

Supercritical operstion at design cowl-position parsmeter. - Super-
critical inlet airflow patterns at zero angle of attack are shown in
figure 16 for both inlets at each of the four Mach numbers investigated.
At this Reynolds number (2.5><106 per £t), there was little or no bridg-
ing due to boundary-layer sepaeration at the breask between the cones. At
Mach 3.01, both oblique shocks appeared to coalesce at the cowl lip. As
Mach number was reduced, the second oblique shock was maintained at the
1lip and the first oblique moved progressively ferther upstream of the

YRR,
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cowl, until shock detachment at the 1lip occurved, as is shown for

My = 1.97. Supercritical patterns for both the 40- and 20-percent-cowl
inlets at several sngles of attack at Mach 3.0l are shown in figure 17.
Shock patterns are generslly conventionel, with detachment at the bot-
tom cowl lip occurring et the higher sngles and the initisl conical shock
on top moving progressively farther sheed of the 1lip with increasing
angle of attack. ' B

40-Percent-cowl inlet at Mp of 3.0l and @93 > design. - Schlieren
photographs of the 40-percent-cowl inlet at Mach 3.01 and 0y ereater
than design are presented in figure 18 for supercritical and minimum
stable mass-flow conditions. The spike was retracted from the design
position (63 approx. 1/20 > design) to place both obligue shocks Just
inside the cowl, as shown in the left photograsph. By so doing, a large
stable suberitical operating range was attained. The resulting minimm
.8table mass-flow condition is shown in the right photograph of figure 18.
Because of the high degree of resolution in the schlieren system, the
lobes of the KArmfn vortex street are fairly well defined, with the ver-
tical lines (three—dimensional projections) identifying the spacing be-
tween individual vortices. The outer slipline emangting from the inter-
section of the first oblique and the bow shocks is so curved as to indi-
cate a flow direction in towards the axis immedilately behind the bow
shock. An inner slipline was formed at the intersection of the bow and
the second oblique shocks. Between these inner and outer sliplines, a
contracting channel sgppeared to exist and thus indlcated the presence of
an accelerating subsonic flow field with an attendent favorsble pressure
gradient. : .

This stable flow condition is perticularly interesting, because at
8 free-stream Mach number of 3.0l the local surface Mach number was cal-
culated to be 1.67, a value far in excess of that indicated for a normal
shock to separate a turbulent boundary layer (ref. 4). Although separa-
tion may exist locally in the zone of intersasction, the boundery leyer
downstream of this zone appears to reattach and follow the surface con-
tour back into the inlet. Similer cbservations had been made previously
with & two-dimensional ramp-type inlet at this Mach number (ref. 5).

Propulsive-Thrust Comparison

The 40- and 20-percent-cowl inlets were compared on the basis of
zero-sngle-of-attack propulsive thrust, or simply thrust minus drag.
Results are shown in figure 19 in terms of a thrust parameter, the ratio
of internsal thrust minus the sum of cowl pressure plus additive drags to
en ideal thrust based on 100-percent pressure recovery. With the inlets
nmstched at the critical condition for all Mach numbers, a turbojet en-
gine with asfterburning to 3500° R was assumed in the comparison. The ..

AN
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method of reference 6 was used In the calculations. The dashed lines
in figure 19 show the effects of pressure recovery, or the difference
in thrust between an inlet attaining 100-percent recovery and the test
inlets with their experimental recoveries, assuming no external drag

(Deta = 0).

Both inlets achileved about the same level of internal performance
and at My = 3.0l the maximum possible thrust with no drag is only sbout
0.57 of ideal thrust. When external drag is taken into account, as
illustrated by the solid lines in figure 19, the 20-percent-cowl inlet
is definitely superior to the 40-percent-cowl inlet for the entire range
of Mach number investigated. At Mach 3.01l, this superiority amounts to
a l4-percent gain in propulsive thrust for the 20-percent-cowl inlet.
Cowl pressure drag, alone, amounted to 22 percent of engine thrust abt
My = 3.01 for the 40-percent-cowl inlet, and sbout 10 percent for the

20-percent-cowl inlet. Even so, it appears that the mgjor gains in over-
all thrust performsnce will lie in the direction of IiImproved pressure
recovery.

SUMMARY (F RESULTS

Two axisymmetric translating-double-cone inlets, with contrasting
rates of turning at the shoulder resulting in cowl projected ereas of
40 end 20 percent of maximum frontal area, were experimentally eval-
uated at Mach numbers from 3.0 to 2.0 in the 10- by 10-foot Lewis uni-
tary wind tunnel. The inlet-engine matching scheme used herein called
for the second oblique shock to be located at the cowl 1lip at all Mach
numbers. The following results were obtained:

1. The 20-percent-cowl inlet achieved pressure recoveries only
slightly lower {0.01 to 0.03) than the 40-percent-cowl inlet over the
entire Mach number range. At Masch 3.0l1, the 20-percent-cowl inlet hed
a recovery of 0.625 compared with 0.635 for the 40-percent-cowl
configuration.

2. At Mach number 3.0l, the cowl pressure-drag coefficient for the
20-percent-cowl inlet (0.103 based on max. frontel area) was only 55
percent of that for the 40-percent-cowl inlet (0.187). On a propulsive-
thrust basis, the 20-percent-cowl inlet was markedly superior over the
entire Mach number range. Total external-drag coefficients during super-
critical iniet operation increased with decreasing Mach number, primsrily
because of the increasing additive drag.

3. Zero-angle-of-attack distortions during eritical operstion were
low at all Mach numbers, about 0.02 gt Mach 3.0l and gbout 0.12 at Mach
1.97. Distortion increassed rgpidly with angle of attack (approx. 0.40
at 15° angle of attack at Mach 3.0L).
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4. With the 40-percent-cowl inlet, increasing cowl-position param-
eter about 0.6° above the design value at Mach 3.0l resulted in a sub-
critical stable mass-flow-ratio range from 1.0 to about 0.6. This re-
sult did not occur with the 20-percent-cowl. inlet.

Lewis Flight Propulsion Laboratory
National Advisory Committee for Aeronautics - =
Cleveland, Ohio, March 6, 1957 :

107747
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8 TARLE I. - COWL COCRDINATES
< (a) 40-Percent cowl
Distance from Diameter, in. Detail A
cowl 1lip,
in. Internal | External
0.01 14,730 14.770
19-7o TN [ 15.376 14.73"]
1.00 15.770 15.980 -
1.50 16.236 16.474
2.00 16.600 16.894
2.50 16.888 17.264
3.00 17.124 17.540
. 4.00 17.484 17.944
5.00 17.736 18.246
6.00 17.906 18.464
. 7.00 18.020 18.800
8.00 18.096 18.688
9.00 18.150 18.760
10.00 18.184 18.820
11.00 18.216 18.868
12.00 18.240 18.918
13.00 18.270 18.956
13.50 18.280 | -=-=---
14.00 18.292 18.980 "
15.00 18.300 | 19.000 -0L" Red.
16.00 18.280 | -—e=em- T
17.00 18.212 | =eweea
].8 -OO 18-128 ------ 14.73" DiBm.
19.00 18.040 | ==emm=
20,00 17.944 | -=we---
21.00 17.854 | —=w=-=
22.00 17.760 | —=e=w=
22.50 17.720 | ======

M 24.00" ————*

Detall A

1g.p0"
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TABLE I. - Concluded.

(b) 20-Percent cowl

Distance from Diameter, in.
cowl lip,
in Internal | External
0.01 14.730 14.77
50 | mmeme- 15.384
.60 15.344 | -=-==--
.80 15.514 15.690
1.10 15.700 15,896
1.40 15.840 16.052
1.80 15.964 16.184
2.20 16.044 16.270
2.60 16.100 16.310
3.00 16.140 16.350
3.50 16.174 16.384
4.50 16.180 16,400
5.00 16.200 16,436
6.00 16.210 16.460
7.00 16.200 | -~===-
8.00 16.180 | -==---
9.00 16.160 | =~=====
10.00 16,1580 | -==---
11.00 16.150 | ~===~===
12.00 16.110 | =====-
13.00 16,064 | ==m==-
14,00 16.024 | —------
15.00 15.984 | «~----
16.00 15,944 | ===me--
17.00 15.904 | ~=-===
18.00 15.864 | -—=w--
19.00 15.820 | «===--
20.00 15.780 | --=---
21.00 15.740 | ======
22.00 15.700 | -=====
22.50 15.680 16.460

NACA RM E5T7CO6

SOF¥

COWL COORDINATES

§Detail A

14.73" 16.46"

[ 2¢.00" ———| .

.O1" Rad. 27036|32036'
_d

14.73" Diam.
Detail A .. _
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TABLE IT. - SPIKE COORDINATES

(a) Spike with 40-percent cowl

: Straight (20°)
Straight (35°) -
h 3

(v) Spike with 20-percent cowl

X, Y
in. in.
0 0
10.50 3.82
11.30 4.376
13.72 6.069
14.72 6.642
15.72 6.972
17.72 7.265
18.72 7.331
19.72 7.360
20.72 7.380
24.72 7.380
X, M
in. in

0 0
10.50 3.82
11.30 4.376
13.65 6.027
13.91 6.165
14.21 6.220
14.71 6.246
15.71 6.280
16.81 6.300
18.41 6.265
19.71 6.228
21.21 6.190
22.71 6.150
24.71 6.105
26.21 6.060

} Straight (20°)
Straight (35°)




Station O 1
(Free stream) l
1
1
l

Translating
2-cone e&plke

k)
(66")
Balance 1

4
(8e")
i
|

5
(100")
|

Movable exlt plug

——e

Cowl

—— e

A e 7 s A s W/f_———
i s - : ] —
E \_
Struts 1 PPuser 1
e 5 i Sting Interchangeable
exit rake ¢

(2) Schemetic dimgram of over-all test modal.

Figure 1. - Experimental apparatus.
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Larmo

b

40-Porcent cowl

(b) Sketoh of the two imlets superimposad.

Figura 1. ~ Contimsd.

Experimental apparatus.
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{c) Test model installed im 10- by 10-foot tummnel.

Figure 1. - Concluded. ZExperimental epparestus.
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Flow area, A,, 2q 1in.

“Lu=> bacx 4405

140

A8 |11 1

deg HHE
130 1.97 31.55
2.44 30.79

2.73 29.95

29.52

180

118§

t Pree-stream
-Maoh number

100

50

o 4 8 12 18 20 o 28 B2 36 40 14
Axlal distence from cowl leading edge, x, in.

{a) Inlet with 40-percent sowl.
_Flgure 2. - Internal area distributions for subsonie diffuser at deeign oowl-position parametar 6;.
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Flow erea, Ay, 8q in.

140

130f=

120

1101

Free-gtream
40 Mach number,

£0
Axizl dlstence from cowl leading edge, x, in.

20 - --é;. 26 . 52. . -56

(b) Inlet with 20-percent cowl.

Figure 2. ~ Concluded. Internal eresa distributions fdr subsonic Aiffuser at design cowl-poaltian paramhter 8.
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Total-pressure recovery, Pg /Po

.9

.8

7

6

.75

.65

.58

.35

Free-stream

tMa.ch npumber,

M

0

Nt

8

<,
deg

0

5

5.4
10
12
15

roéonoo

Angle of attack,

et

oot

.6

bt

1o

K

" im

|

T
I

A mm ay

.85 .95 .7 .8 .9 1.0
Mass-flow ratio, mg/my

(a) 40-Percent-cowl inlet.

Figure 3. ~ Diffuser performence characteristics at design cowl-position parameter

for each Mach number.
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/e

Total-pressure recovery, P3

. T8

SUEIRES NACA RM E57C06

F;ee-stream
9t Mach number, ;t
?404” (m : t 8
.8 e FEre &
FH'1.97 ¥ . HHE 2,44 SaAR
) ]
_ Angle of atteck, :
£ 2)
-8 deg
(o] o]
0 5 .
<o 10 .
A 12
5 .86 .7 .8 .65 .15 .85 .98
e 2.75 H 3.01
55 T
.45 i !
.35 . _ N:: B .
.65 ) .85 .95 T .8 .9 1.0 4
Mass-flov ratlo, ms/mg
(b) 20-Percent-cowl inlet. «

Figure 3. - Concluded. Diffuser performance characteristices at design cowl-position .
parameter for each Mach number.
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Critical pressure recovery,
Ps
o

Supercritical mass-flow ratio,
3
mg

1b/sec
sg £t

Wz Vg
Bzhz

Corrected alrflow,
2

.9

23

Inlet

—0O— 40-Percent cowl

—{~- 20-Percent cowl

.8

.7

.6

30

26

22

1.8 2.0

2.2 2.4 2.8 2.8 3.0
Free-stream Mach number, M,

3.2

Flgure 4. - Variation of critical inlet performance with free-stream

Mach number.
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Supercritical mass-flow ratio, 11:3/mO

Critical total-pressure recovery, Pz/P,

NACA RM E5TCO86

Free-s{-.ream
Mach number,
Inlet
40-Percent cowl
—— — 20-Percent cowl
.8
E1.97
7
.6
.5
-9 #1.97
2.44
.8
52.73
.7
3.01
.8
.5
4
0 2 [ 8 10 12 14 16

Angle of attack, o, deg

Figure 5. - Effect of angle of attack on internal performance.
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.6

e,

Total-~pressure recovery, P3
o 'S

~J

.5

05,

deg

O 29.52 (design)

<$ 28.83

O 30.19

Vv 30.67 3=

Lt

(a) 40-Percent-cowl inlet.

.5 .6 7 8 9 1.0 1.1

Mass-flow ratio, ms/mO

(b) 20-Percent-cowl inlet.

Figure 6. - Diffuser performance cheracteristics for several values of
cowl-position paremeter 9?.‘ Free-stream Mach number, 3.0l; angle of
attack, 0°.
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Subcritical operating range, Ams/mo

ST NACA RM ESTCO8

4 TR
.3 t
.2
Unstable Stable
.l { 1 '\
W) ' * )
0 AN
(a) 40-Percent-cowl inlet.
.2 :
o Unstable 44
55 ;
Y .-NYL
.1 !
:  Stable
N o
0 AYATESE L N T
28.6 - 29.0 29.4 . 29.8 30.2 30.6 31.0

Cowl-position parameter, 63
(p) 20-Percent-cowl inlet.

Figure 7. - Effect of splke translation on Inlet stability range. Free=-
stream Mech number, 3.0l; angle of aftack, 0°.
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P3/Po = 0.60 D3/Py = 0.54

p _
z i

10° _ a=15°
0.46 Pz/Pg = 0.38

(&) 40-Percent-cowl inlet.

_ [« 4
P3/Pg

Figure 8. - Total-pressure contours at diffuser exit for near-critical inlet opersation.
Free-gstream Mach number, 3.0Ll.



28 SN NACA RM ESTCO08

QnFH

- o°  ass° v
0.59 . .l - p3/PO = 0.54 e

W
N

120

0.41 -

(b) 20-Percent-cowl inlet.

Flgure 8. - Concluded. Total-pressure contours at diffuser exlt for near-critical —
inlet operation. Free-stream Mach number, 3.0L. ’
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Inlet

40-Paroant cowl
~—— 20-Parcant cowl

F -P
Flow-distortlon parameter, —o:DaX 3,min

A b s T sl
M@ﬁmmhﬁ'

0t ] e
12 14
Angle of attack, ¢, dag

i

8

(c) Pree-stream Mach mmber, 2.73. () Free-stream Mach rumber, 3.01.
Flgure 9. - Effect of angle of attack on distortlion during oritiocal inlet operation.
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Diffuser-exit Mach
number, Mz

3

Pz max - P3,min
F.

Flow-distortion parameter,

SR, NACA RM E5TC06

4 T
P -
.3 S
R F
.2
14
e Inlet
[o] 40~Percent cowl
O 20-Percent cowl } Experiment
— = — 40-Percent cowl
—— —— 20-Percent cowl | Fipe-flow values
.10
.08 s
.06
.04 N
F BT —
.02 ] 5a
1.8 2.0 2.2 2.4 2.6 2.8 5.0 5.2

Free-stream Mach mumber, M

Figure 10. - Comparison of distortion et diffuser exit with theoretical pipe-flow values.
Angle of attack, O°.
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Static-pressure coefficient, Cp

1.2
(o} Top
o Bottom
¥ Two-dimensional shock-
HHE expansion theory
.8H
.4 :
SAEEL .
0 e R H PR
{(a) 40-Percent-cowl inlet.
1.6
1.2
] 2
it
4 .
i
0 4 8 iz

Axlal distance from 1lip, x, in.

(b) 20-Percent-cowl inlet.

Filgure 11. - External static-pressure distrlbutions
on cowl. Free-stream Mach number, 3.01l; angle of

attack, 0°.
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Free-stream Mach number, M,

Figure 12. - Cowl pressure drag during supercritical

inlet operation at zero angle of attack.
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Supercritical drag coefficient, Cp

.4
A  Total drag (derived from balance)
(o} Cowl pressure drag (pressure
integration)
=] Cowl pressure plus a computed
edditive drag
.3
s
: Fbi%g;sn, H i
tlvar e e
S Haerh cEeEE Pt
.2 = L-ui‘ ST - "_ NS
X SRR = TR s
™ P a
] N Cowl pressure
.1 : ¥ ; RN SR, :
S Tas .! = i L TEr
3 )
i S
0 LN X ﬁu: Y RN CNCRCRENS N
{a) 40-Percent-cowl inlet.
.4
.3 :
.2
T
Lot o
Additive ST TN
SaimTee : : e
.1 S 2 R R SN, : 3
» R RN PR R
A Cowl pressure o %ﬁ
: ErHEE S ?
: £ i =k ]
0 PR SR ana RN NN DR CRCRG
1.8 2.0 2.2 2.4 2.6 2.8 3.0 3.2

Free-stream Mach number, M,
() 20-Percent~cowl inlet.

Figure 13. - Component drags during supercriticel inlet operation at design cowl-
position perameter.
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Drag coefficient, Cp

SR NACA RM E5TCO6
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Figure 14. - Component drags for suberitical operation of 40-
percent-cowl inlet. Free-stream Mach number, 3.01; cowl-
position parameter, 30.19°.
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Suberitical drag rise, ACD,e/(Am3/mO)

. . CG~5 back 4405

2.0 L }
Inlet :
O 40-Percent cowl
0 20-Percent cowl [ Cowl-position
parameter .
1.6 : 5, ’ 28.83
: deg
’ 29.30 34} : £
29.951 }
50.67 ¢ tiH 29.52
1.2 E Sk e
31.53 R S
£ 50,78
B 30.19
31.54 s SEEERE: ot
E 30.79
.4 FHEEE
1.8 2.0 2.2 2.4 2.6 2.8 3.0

Free-gptream Mach number, Mg

Figure 15. - Rates of increase in suberitical total external drag.

3.2

900.)SE WI VOYN

538




36 R NACA RM ES5T7CO06

(]
L9
Mg = 1.97 My=12.4¢
Mp = 2.73 T T TT T Mg = 3.0L
(a) 40-Percent-cowl inlet.
Figure 16. -~ Flow patterns at several Mach numbers and zero angle of attack. ) .
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{b) 20-Percemt-~cowl inlet.

Figure 16. - Concluded.
engle of ettack.

Fiow patterns at several Mach mumbers and zero
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Angle of attack, 0° Angle of attack, 5° b

Angle of-attack, 10° Angle of attack, 15°

(a) 40-Percent-cowl inlet.

Figure 17. - Flow patterns st several angles of attack at Mech mmber 3.0l.
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- Angle of attack, o° ' Angle of attack, 5°
C-44535
Angle of attack, 10° Angle of attack, 12°
- (b) 20-Percent-cowl inlet.

Figure 17. - Con¢luded. Flow patterns at several angles of attack at
Mach number 3.01.
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Supercritical operation Minimm stable operatlon

Figure 18. - Suparcritical and minimm stable pubcritical flow patterns with
40-percent-cowl inlet. TFroe-stream Mach mmber, 3.0l; cowl-position
parameter greater than desigm.
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Free-stream Mach number, My

Figure 19. - Propulsive-thrust compsrison of performance of 40- and 20-percent-cowl inlets.
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ROTES: (1) Reynolds nuebar 1s bassd on the dieweter
of & aircle with the same area asz that
of tha cepture ares of the inlst.
(2) T™e symbol * denotes the occwrrence of
hunss.
DESCRIPTION TEST PARAMEPERS TEST DATH, FPERFORMARCE
REPORT - HAX.
ARD mlggﬂ? TYFE MACH ANGLE ANGLE o TOTAL, MABS REMARKS
FACTLITY CONFIGURATION POUNDARY- | 5o,  |Re L L presg|  TLoF
ORLIQUE | IAYER ¥, |06 armex | W | X RATTO
AHOCKS | CORTROL a ¥ N il T
A 750
2 Mane z.0Lf3.01 [0°%015° | o | / ¥ | ¥ [0.635| 1 to 0.5% | Emamtially no difference in internal
2.73]5.07 o| 4 ) v |.15 perfarmencs between tve inlets having
2.44 13,07 o |7 Y Y| .85 contrasting rates of tirming at the
1.97|s.07 o |+ 'l ¥ | .eg5 ghoulder. 'Phe A5-parcent-lower aoul
drag of the 20-percent-oowl inlet
made It superior ovar entive range,
2 Tone 5.0, {3.07| o° to 25°( © v ! 7 [0.635| 1 to 0.5% | Basenbially no difference in internel
2.75 | 5.07 0 v ! Y | . performance betwesn two Inlats having
2.44 | 5.07 0 7 7 Y | .85 contrasting rates of turning at the
1.97 | 5.07 0 ' 4 Y | .a85 shouldar, The dS5-parcent-lower cowl
drag of the 20-peroemt~cowl inlet
eade 1t superior over entire remge.
2 None 5.00|35.07| 00 to 25%] 0 7 Y | ¥ [0.636] 1 to 0.6 | Resemtially no aifference in internal
2.73 | 5.07 o < 4 i | .18 performance between two inleta baving
2.4 | 3.07 o 7 7 { | .85 oantresting reates of tuming at the
1.97 | 3.07 ) 7 Y | ¥ | .89 shouwlder, The A5-parcent-lover cowl
drag of the 20-percent-cowl inlet
made 1t supericr over entire renge.




